primary disease and age groups or gender. A p value <0.05 was considered statistically significant.
Follow-up and antiviral treatment costs were calculated from medical records, with costs determined by analysing payments from the Social Security Foundation. To assess indirect costs, questionnaires were submitted to patients, and the statements by patients about the loss of productivity, transportation, shelter and nutrition costs during hospital visits were used to calculate indirect costs (2) . Indirect costs were paid by the patients themselves.
Sample election and application Analysis of medical records identified a total of 525 patients with chronic hepatitis B and chronic hepatitis C who were admitted at least once to our polyclinic. However, during the study period, only 284 of these patients were followed-up; these 284 patients agreed to participate and were included.
Direct costs included polyclinic costs, total hospital costs, follow-up costs and treatment costs, except for the costs of antiviral drugs in hospitalised patients, and doctor visits. Indirect costs included patients' travel costs, loss of work during follow-up and treatment, and shelter and nutrition charges during the hospital visit. Questionnaire forms were submitted to patients face to face and one by one by a single examiner.
Patients aged ≥18 years and the parents of the 2 patients aged <18 years were informed about the study and provided written informed consent.
Results
The 284 patients comprised 232 individuals infected with HBV, 50 infected with Hepatitis C virus (HCV), 1 infected with HBV and HCV, and 1 infected with 1 HBV and Hepatitis D virus (HDV). The 284 patients consisted of 159 (56%) males and 125 (44%) females, of mean±SD age 43.49±13.07 years (range 16-75 years). We found that 40 (25.3%) inactive HBV carriers were under 30 years old, all patients with cirrhosis were over 40 years old, and 16 (39%) of the patients with chronic hepatitis C were aged 40-49 years.
Occupationally, 73 patients were workers (25.7%), 68 were housewives (23.9%), 41 were retired (14.4%), 36 were officer workers (12.7%), 24 were farmers (8.5%), 14 were students (4.9%), and 7 were unemployed (2.5%).
There were no statistically significantly differences in indirect, hospital, treatment and total costs in patients with chronic hepatitis B and chronic hepatitis C cases by sex and marital status (p>0.05). When patients' educational status was evaluated, we found that hospital and total costs were significantly higher for primary school and university graduates than for secondary school graduates (p<0.05) and that indirect costs were higher for primary school than high school graduates. In addition, hospital and total costs were significantly higher for university than for high school graduates (p<0.05).
When costs were evaluated according to jobs, we found that indirect costs for farmers were significantly higher than for housewives, retired persons, students and workers (p<0.05). Hospital, treatment, and total costs, however, did not differ significantly by occupation (p>0.05).
Prior to the study period, 35 of the 284 (12.3%) patients had received antiviral treatment for chronic hepatitis B or chronic hepatitis C. Their indirect, hospital, treatment and total costs did not differ from those of patients who did not receive antiviral therapy (p>0.05).
According to guidelines, liver biopsies were taken from 14 patients. Some patients underwent upper abdominal ultrasonography (USG) once or twice per year, 12 patients underwent upper abdominal MRI, and 7 underwent dynamic upper abdominal computerised tomography (CT).
Of the 284 patients, 93 (37.2%) received antiviral treatment, including 73 who received therapy for the first time or underwent treatment modification during the study period. The most frequent antiviral drug was entecavir (n=29; 31.18%) followed by tenofovir (n=14; 15.05%).
Of the 50 patients with chronic hepatitis C, 22 received antiviral treatment during the study period, including 5 who received pegylated interferon-alpha 2a monotherapy because of haemodialysis, and 17 who received pegylated interferonalpha plus ribavirin. Of the 28 untreated chronic hepatitis C patients, 27 had been treated before the study period; of these, 25 achieved a sustained viral response and were followed-up for relapse and/or hepatocellular carcinoma (HCC), and both were refractory to antiviral therapy and were followed for complications such as cirrhosis and/or HCC. One patient was being prepared for antiviral treatment during the study period.
During the study period, 8 patients with possible cirrhosis were further investigated. At the beginning of the study period, 10 patients had cirrhosis. During the study period, one patient with relapsed HCV, one with treatment refractory HCV and one with chronic hepatitis C were diagnosed with cirrhosis.
Four patients were analysed for antiviral resistance. One was resistant to entecavir and switched to tenofovir, one was resistant to adefovir and switched to entecavir treatment, and one patient treated with tenofovir was switched to entecavir because of osteoporosis.
All patients with cirrhosis, those with chronic hepatitis C who were refractory to treatment, those with relapsed chronic HBV and chronic HCV, and those co-infected with HBV-HCV and HBV-HDV were grouped as patients with complications. The indirect, hospital, treatment and total costs of patients with chronic hepatitis B were significantly higher than those of inactive hepatitis B carriers and patients with chronic hepatitis C (p<0.05). The hospital and total costs of patients with complications were significantly higher than those of inactive HBV carriers and patients with chronic hepatitis C (p<0.05), and the indirect and treatment costs of patients with complications were significantly higher than those of inactive HBV carriers (p<0.05; Table 1 ).
The treatment and total costs of patients treated with entecavir were significantly higher than those of patients treated with tenofovir or lamivudine, or those followed without treatment (p<0.05). In addition, the hospital costs of patients treated with entecavir were significantly higher than those of patients treated with lamivudine (p<0.05). The treatment and total costs of patients treated with adefovir were significantly higher than those of patients treated with lamivudine, tenofovir or entecavir (p<0.05). The hospital, treatment and total costs of patients treated with tenofovir were significantly higher than those of patients treated with lamivudine (p<0.05).
The treatment and total costs of patients treated with 180 μg pegylated interferon alpha-2a were significantly higher than those of patients treated with lamivudine, entecavir or tenofovir (p<0.05), and the indirect, hospital, treatment and total costs of patients treated with 180 μg pegylated interferon alpha-2a were significantly higher than those of patients who did not receive any antiviral therapy (p<0.05).
The treatment and total costs of patients treated with 135 μg pegylated interferon alpha-2a were significantly higher than those of patients treated with lamivudine (p<0.05). The treatment and total costs of patients treated with pegylated interferon alpha-2b were significantly higher than those of patients treated with lamivudine or tenofovir (p<0.05; Table 2 ).
The indirect, hospital, treatment and total costs of patients treated with pegylated interferon-alpha plus ribavirin were significantly higher than those of all other patients (p<0.05; Table 3 ). The hospital and total costs of patients with cirrhosis were significantly higher than those of patients without cirrhosis (p<0.05; Table 4 ).
Discussion
HBV genotype D is the predominant HBV genotype in Turkey; this genotype is resistant to treatment, resulting in relapses, a low response to therapy and high follow-up costs (7) (8) (9) . It is impossible to totally eradicate infections in all patients with chronic hepatitis B and chronic hepatitis C. Patients sustain material, physical and spiritual losses for many years. Having to obtain antiviral drugs from the other countries negatively affects the Turkish economy.
Two types of measurements are used to evaluate the cost-effectiveness of medical treatment: economic and clinical measures (10) . Most cost-effectiveness analyses of chronic hepatitis utilise Markov models, as complications of chronic hepatitis develop over several decades. These models are used to evaluate quality of life time adjusted costs, including those due to premature death, and these models are also used to compare new treatments with current treatments (11) . Markov models have factors that can cause bias, leading to incorrect findings in cost-effectiveness studies (12 We did not evaluate cost-effectiveness because this would require decades of follow-up. When we searched PubMed using the key words "cost, hepatitis B" and "cost, hepatitis C" we could not find any studies of real patients that included decades of follow up. Among the advantages of our study was that we included all patients with chronic hepatitis B and C followed up by our clinic and hospitalised during the study period and that we evaluated treatment, hospital and indirect costs for real patients. We therefore evaluated actual treatment costs by using real drug doses. In contrast, studies based on models did not evaluate indirect costs.
One study (2) found that most of the total costs consisted of indirect costs, with most of the latter consisting of loss of work. Loss of efficiency was highest in patients with acute and chronic hepatitis B and the premature death rates were higher in patients with cirrhosis and/or HCC.
In our study, most of the total costs consisted of treatment costs. The drugs had to be obtained from abroad at high costs. Workers generally came to the hospital between shifts to prevent the loss of work, and most of these patients used free transportation, thus minimising indirect costs as a fraction of total costs.
We found that indirect costs to primary school graduates were the highest. Most of these individuals were farmers who had to come from rural areas. Thus, their higher indirect costs were due to the costs of transportation.
We found that total costs were 10-fold higher in patients with than without cirrhosis, with most of these costs being due to hospital costs. A previous study showed that the direct costs of patients with cirrhosis were 3-fold higher than those of patients with chronic hepatitis B, as were indirect costs (2). Although hospital costs were 10-fold higher in patients with compensated cirrhosis than those with chronic hepatitis B, their antiviral treatment costs were similar (13) . We found that the frequencies of invasive examinations and hospitalisation were higher in patients with than without cirrhosis, but that the treatment costs of these two groups did not differ significantly because all of our patients with cirrhosis had compensated cirrhosis, with similar treatments for these two groups.
A cost comparison in inactive HBV carriers without any treatment, HBV patients who took lamivudine monotherapy for one year and HBV patients who took lamivudine-adefovir therapy for five years found that, when the costs of the treatments were evaluated together with their ability to stop disease progression, the lamivudine-adefovir combination was optimal (14) . In Turkey, the Social Security Foundation does not pay the costs of combination therapy for chronic hepatitis Table 3 . Evaluation of the costs according to need for additional therapy B so none of our chronic hepatitis B patients took combination therapy. Moreover, the previous study did not include the costs of the new generation of antiviral agents, such as tenofovir and entecavir.
Comparisons of lamivudine and pegylated interferon-alpha 2a therapy for 1 year in patients with chronic hepatitis B showed that peg-interferon alpha-2a was more cost-effective, but all of those patients were naive to treatment and at the same disease stage (15, 16) . We found that the costs of pegylated interferon alpha-2a and -2b were higher than those of lamivudine, but hospital costs did not differ significantly. Our study was more encompassing, in that it included patients not naive to treatment and at different disease stages.
A comparison of lamivudine with peg-interferon followed by lamivudine showed that the mean costs of the former were 14,100 United States Dollars (USD) higher. In contrast, we found that previous antiviral treatment did not significantly affect overall costs.
A comparison of tenofovir, entecavir, telbivudine and adefovir in patients with chronic hepatitis B showed that tenofovir was more cost-effective than the other agents (17) . Similarly, we found that the treatment and total costs of tenofovir were less than those of entecavir and adefovir.
As no previous studies have assessed the costs of chronic hepatitis C based on real patients, we compared our findings with those of studies using Markov models.
Asymptomatic chronic hepatitis C was found to significantly reduce productivity and ability to work and was associated with high healthcare costs (18) . Mean annual income was 8352 USD lower in individuals with than without HCV. We found that the indirect, hospital, treatment and total costs of chronic hepatitis C patients were less than those of chronic hepatitis B patients, but higher than those of inactive HBV carriers. While 50% of our chronic HCV patients achieved viral response, they were seen at our hospital at 6-12 month intervals for the evaluation of HCC and/or relapse, reducing their ability to work and increasing treatment costs.
The combination of pegylated interferon-alpha and ribavirin was found to be more cost-effective than pegylated interferon-alpha alone in patients with chronic hepatitis C (19) . This model assumed that a sustained viral response would occur and that survival would be the same as in individuals without chronic hepatitis C. In practice, however, some patients with sustained viral response relapse, whereas some refractory to treatment progress to cirrhosis.
A model of chronic hepatitis C patients at age 40 years with high ALT levels found that the cost-benefits of treatment would be greater in women than in men, primarily because the probability of progressing to cirrhosis is lower in women (20) . That model, however, did not evaluate relapsed patients and those refractory to treatment. We found that 75% of HCV patients with cirrhosis were males, whereas 66.7% of those who relapsed were females. Comorbid factors should therefore be considered when evaluating the effectiveness of treatment.
This study had several limitations. First, it was hospitalbased; therefore, the results cannot be generalised to all patients with viral hepatitis. In addition, none of our patients had undergone liver transplantation or had liver cancer, preventing the evaluation of costs at all stages of chronic hepatitis B and C.
In conclusion, chronic hepatitis B and C remain important healthcare problems, with costs increasing with stage of liver disease. Treatment costs constituted the largest fraction of total costs. The treatment and total costs of adefovir therapy were higher than those of lamivudine, tenofovir or entecavir therapy. The direct and indirect costs of these diseases on the Turkish economy suggest the need for greater prevention. 
